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 10 

Abstract 11 

Background: Annual health examination is recommended for the prevention and treatment of 12 

cardiovascular diseases and diabetes. However, whether it is effective for the prevention of 13 

hyperlipidemia and hyperglycemia remains unclear.  14 

Methods: A retrospective analysis of clinical samples using the laboratory information system was 15 

performed. From 2012 to 2019, 5043 participants (1755 males and 3288 females) have completed the 16 

annual health examination for 8 consecutive years, which was the follow-up group. In the same period, 17 

136,994 participants (the control group) had a health examination only 1 time. Serum levels of fasting 18 

triglyceride (TG), total cholesterol (TC), low density lipoprotein cholesterol (LDL-C), high density 19 

lipoprotein cholesterol (HDL-C) and glucose (GLU) were measured. 20 

Results: Compared with 2019 of the control group, serum TC and GLU in the 8th year of the follow-21 

up group increased markedly in some of age groups (p < 0.001). Serum TG and TC in the 8th year 22 

were much higher compared with the 1st year of the follow-up group, especially for the female (p < 23 

0.001). Moreover, the prevalence of hyperlipidemia and hyperglycemia in the 8th year showed 24 

significant increase compared with the 1st year of the follow-up group and 2019 of the control group 25 

(all p < 0.05). 26 

Conclusions: Annual health examination didn’t perform a positive effect in the prevention of 27 

hyperlipidemia and hyperglycemia.  Health management should be paid more attention to prevent 28 

cardiovascular disease and diabetes. 29 
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 31 

Background 32 

Cardiovascular diseases (CVD) have been identified as the first leading disease affecting the Chinese 33 

population [1]. It is widely known that serum hyperlipidemia, particularly elevated levels of total 34 

cholesterol (TC) and low-density lipoprotein cholesterol (LDL-C), is strongly related with the 35 

development of CVD [2]. So, management of serum cholesterol level has been a central objective in 36 

preventing cardiovascular events [3].  37 

Over the past three decades, the prevalence of dyslipidemia has increased remarkably in China [4]. 38 

The results of 2012 national survey showed that the prevalence of hyperglyceridemia and 39 

hypercholesterolemia in adults were 13.1% and 4.9%, respectively [5]. Projected trends in serum TC 40 

and other factors would induce an increase of approximately 21.3 million cardiovascular events and 7.7 41 

million cardiovascular deaths over 2010 to 2030 [6]. Therefore, annual health examination was 42 

recommended for middle-aged people in the 2016 Chinese guideline for the management of 43 

dyslipidemia in adults [7].  44 

Additionally, the prevalence of diabetes was also growing rapidly in China. Almost 25% of middle-45 

aged and elderly rural Chinese residents had diabetes in 2010-2011 [8]. Glucose control can reduce 46 

microvascular complication of diabetes mellitus (DM) and may improve clinical outcomes for patients 47 

with DM and coronary heart disease [9].  So, early detection of hyperglycemia is necessary for early 48 

prevention and treatment of DM. 49 

In recent years, annual health examination for the adults, especially for the middle-aged people and 50 

retired elderly, has been carried out in some companies and enterprises for over ten years [10]. Serum 51 

lipids and glucose have been detected routinely for all the health check-up people. However, whether 52 

annual measurement of serum lipids and glucose is effective for the prevention and treatment of CVD 53 

and DM, has not been proved.   54 

 55 

Methods 56 

Participants 57 

All the participants came from the health examination center, Beijing Tongren Hospital, Capital 58 

Medical University. From 2012 to 2019, a total of 5043 people (1755 males and 3288 females) had a 59 



health examination for 8 consecutive years, which was the follow-up group. In the same period, the 60 

other people who went for health examination only 1 time were selected to be the control group. All the 61 

participants were divided into 10-year age classes (≤30 years, 31–40 years, 41–50 years, 51–60 years, 62 

61–70 years, ≥71 years).  63 

 64 

Measurement 65 

For all the participants, serum levels of TG, TC, LDL-C, HDL-C and GLU were measured after at least 66 

a 12-h overnight fasting. The measurements were performed on a Beckman system (Beckman, 67 

American) in the Department of Clinical Laboratory, Beijing Tongren Hospital. The reagents of serum 68 

TG, TC, LDL-C and HDL-C were provided by the Hitachi Chemical Diagnostics Systems Co., Ltd 69 

(Hitachi Chemical Diagnostics Systems Co., Ltd, Japan). The reagent of serum GLU was provided by 70 

the Beckman (Beckman, American). 71 

 72 

Diagnostic criteria 73 

According to the 2016 Chinese guideline for the management of dyslipidemia in adults [7], elevated 74 

levels of TG (≥ 2.3 mmol/L) and / or TC (≥ 6.2 mmol/L) in serum were diagnosed as hyperlipidemia. 75 

According to the criteria of Chinese diabetes society [11], increased fasting serum glucose (≥ 7.0 76 

mmol/L) was defined as hyperglycemia. 77 

 78 

Approaches for evaluating the effectiveness of annual health examination to hyperlipidemia and 79 

hyperglycemia control   80 

In our study, evaluation approaches were in accordance with the three strategies used to evaluate the 81 

effectiveness of consecutive health examination, proposed by the Gan W [12]. 1) Concentrations: a. 82 

Compare the levels of serum TG, TC and GLU between the 8th year of the follow-up group and 2019 83 

of the control group; b. Compare the levels of serum TG, TC and GLU between the 1st and the 8th 84 

health examination year of the follow-up group. 2) Prevalence: a. Compare the prevalence of 85 

hyperlipidemia and hyperglycemia between the 8th year of the follow-up group and 2019 of the control 86 

group; b. Compare the prevalence of hyperlipidemia and hyperglycemia between the 1st and the 8th 87 

health examination year of the follow-up group. 3) Calculate the numbers of participants who had a bad 88 

hyperlipidemia or hyperglycemia control during the 8 years in the follow-up group. A “bad 89 



hyperlipidemia or hyperglycemia control” is defined as persons with fasting serum TG ≥ 2.3 mmol/L, 90 

or TC ≥ 6.2 mmol/L, or GLU ≥ 7.0 mmol/L for ≥ 3 times among the total 8 examinations. 91 

Statistical analysis 92 

All the data of clinical samples were obtained from the laboratory information system (LIS). All 93 

statistical analyses were performed using the IBM SPSS 22.0 software program. However, serum lipids 94 

and glucose concentrations didn’t distribute normally and were expressed as the median (interquartile 95 

range). Differences between gender groups were assessed by 2 independent samples Mann-Whitney 96 

test. Differences among age groups were tested by Kruskal-Wallis test. Furthermore, differences of the 97 

prevalence of hyperlipidemia and hyperglycemia between the groups were assessed by the Poisson chi-98 

square test. All p values were two-sided, and a p value < 0.05 was considered statistically significant.   99 

 100 

Results 101 

The levels of serum lipids and glucose in the control group 102 

From 2012 to 2019, 5043 people have taken part in the health examination for 8 consecutive years. In 103 

the same period, 136,994 participants (the control group) had a health examination only 1 time. The 104 

number of participants in each age group was shown in Table 1. The age of all the participants ranged 105 

from 18 to 100. 106 

The levels of serum lipids and glucose based on the data of control group from 2012 to 2019 were 107 

shown in Table 2. Serum TG increased with aging in both genders. For the male, serum TG was 1.05 108 

mmol/L in ≤30 year group and a 1.42-fold increase was found in 41-50 year group (p < 0.001). After 109 

the age of 50, serum TG began to decrease slightly. Unlike the male, serum TG of female was 0.67 110 

mmol/L in ≤30 year group and increased continuously after menopausal period. In 61-70 year group, it 111 

had a maximum value (1.30 mmol/L) and almost doubled (p < 0.001).  112 

In consistence with serum TG, serum TC of male showed an obvious age-dependent increase and 113 

reached the highest level (4.95 mmol/L) in 51-60 year group. After that, it dropped slowly. In ≥71 year 114 

group, serum TC returned to the same value with the ≤30 year group. For the female, under the age of 115 

menopause, serum TC was lower compared with that of the age-matched male (p < 0.001). In 51-60 116 

year group, it had a maximum value (5.34 mmol/L), even higher than the age-matched male. Despite 117 

serum TC of female decreased after menopausal period, it still exceeded the level of ≤30 year group far 118 

away (p < 0.001).  119 



The change patterns of serum LDL-C in both genders were similar to the level of serum TC. Serum 120 

LDL-C peaked in 51-60 year group of both genders. After menopausal period, serum LDL-C of female 121 

decreased but it was always higher than the age-matched male (p < 0.001). On the contrary, serum 122 

HDL-C decreased at first and then increased with aging, which was significantly different with TG, TC 123 

and LDL-C. In addition, serum HDL-C of male was always lower than that of the age-matched female.  124 

Serum GLU exhibited an age-dependent increase markedly in both genders. 1.16- and 1.17-fold 125 

higher levels for male and female were found in ≥71 year group compared with the ≤30 year group 126 

(both p < 0.001), respectively. Furthermore, during the whole life-span, serum GLU of female was 127 

always lower than that of the age-matched male, even after the age of menopause. 128 

 129 

Effect of annual health examination on the levels of serum TG, TC and GLU in the follow-130 

up group 131 

Because the number of participants of ≤30 year group in the 8th year of the follow-up group was small 132 

(Table 1), to avoid introducing bias in calculating the levels and the incidence rate, we merged ≤30 133 

year group and 31-40 year group to be ≤40 year group.  134 

The levels of serum TG, TC and GLU in 2019 of the control group, the 1st and 8th health 135 

examination year of the follow-up group were listed in Table 3. Firstly, we performed a cross-sectional 136 

comparison, comparing the levels of serum TG, TC and GLU between the 8th year of the follow-up 137 

group and 2019 of the control group. Our results established that compared with 2019 of the control 138 

group, serum TC and GLU in the 8th year of the follow-up group increased obviously in the ≤40 year 139 

group (all p < 0.001), which was present in both genders. Additionally, serum TC and GLU in the 8th 140 

year of the follow-up group were much higher than 2019 of the control group in the 41-50 year group 141 

(both p < 0.001), which was present only in female. Surprisingly, in the 61-70 year groups, serum GLU 142 

of female in the 8th year of the follow-up group was also higher than 2019 of the control group (p < 143 

0.001). In the other age groups, there were no significant differences of serum TG, TC and GLU levels 144 

between the 8th year of the follow-up and the control group in 2019 (all p > 0.05). 145 

Secondly, we compared the levels of serum TG, TC and GLU between the 1st and the 8th year of the 146 

follow-up group longitudinally. Our results showed that in the ≤40 year group, serum TG and TC of 147 

both genders in the 8th year significantly increased compared with those in the 1st year (all p < 0.001). 148 

Additionally, in the 41-50, 51-60 and 61-70 year groups, serum TC of female in the 8th year increased 149 



markedly compared with those in the 1st year (all p < 0.001). These results suggested that serum TC of 150 

female demonstrated a more obvious increase compared with the age-matched male from 2012 to 2019. 151 

On the whole, there were no significant differences of serum GLU levels between the 1st and the 8th 152 

year of the follow-up (all p > 0.05). 153 

 154 

The prevalence of hyperlipidemia and hyperglycemia in the control group 155 

According to the diagnostic criteria, the incidence rates of hyperlipidemia in the control group from 156 

2012 to 2019 were listed in Table 4.  157 

Firstly, we investigated the relationship between the percentage of hyperlipidemia and age. The 158 

results showed that the prevalence of hyperlipidemia increased steadily with aging, no matter with the 159 

gender. For the male, the percentages of hyperlipidemia peaked in the 41-50y group. However, it had a 160 

maximum value for the female in the 61-70y group, which was consistent with the levels of serum TG. 161 

Secondly, we investigated whether the percentage of hyperlipidemia increased from 2012 to 2019 in 162 

each age group. Through the Trend chi-square test, we found that the percentages of hyperlipidemia of 163 

male didn’t exhibit a linear increase in all the age groups during the 8 years. However, the percentages 164 

of hyperlipidemia of female in the ≤40, 41-50, 51-60 and 61-70 year groups increased steadily from 165 

2012 to 2019 (Trend chi-squares 54.55, 7.45, 29.55 and 7.61, respectively, all p < 0.05).  166 

The incidence rates of hyperglycemia in the control group from 2012 to 2019 were listed in Table 5. 167 

The percentages of hyperglycemia also exhibited an age-dependent increase markedly in both genders. 168 

Similar to the levels of serum GLU, the percentages of hyperglycemia of male were always higher than 169 

those of the age-matched female. It should be noticed that the percentages of hyperglycemia of female 170 

increased more rapidly with aging than that of male. Such as, in 2013, the percentage of hyperglycemia 171 

of male was 4.91 folds as that of female in the ≤40 year group; but, it was only 1.28 folds as that of 172 

female in the ≥71year group. Furthermore, through the Trend chi-square test, the prevalence of 173 

hyperglycemia of male increased steadily in the ≤40 and 61-70 year groups from 2012 to 2019 (Trend 174 

chi-square 27.21 and 14.10, respectively, both p < 0.05). And the percentages of hyperlipidemia of 175 

female didn’t show differences in all the age groups in the consecutive 8 years.  176 

 177 

Effect of annual health examination on the prevalence of hyperlipidemia and hyperglycemia 178 

The incidence rates of hyperlipidemia in 2019 of the control group, the 1st and 8th year of the 179 



follow-up group were listed in Table 6. Compared with the non-consecutive group in 2019, there was 180 

only a significant difference of the percentages of hyperlipidemia of female in the 8th year of the 181 

follow-up group in the ≤40y group (p < 0.05). Compared with the 1st year, the incidence rates of 182 

hyperlipidemia of both genders in the 8th year increased steadily in the ≤40 year group (both p < 0.05). 183 

It should be noticed that, for the female under the age of 60, the percentages of hyperlipidemia in the 184 

8th year were significantly higher than those in the 1st year of the follow-up group (all p < 0.05). These 185 

were in accordance with the change pattern of serum TC in female of the follow-up group completely. 186 

As a whole, the percentages of hyperlipidemia of female in the 8th year showed significant increase 187 

compared with the 1st year of the follow-up group and 2019 of the control group (all p < 0.05). For the 188 

male, there were no differences of the percentages of hyperlipidemia among these three groups. 189 

The incidence rates of hyperglycemia in 2019 of the control group, the 1st and 8th year of the 190 

follow-up group were listed in Table 7. Compared with the control group in 2019, there were 191 

significant differences of the percentages of hyperglycemia of female in the 8th year in most of the age 192 

groups (all p < 0.05), consistent with serum GLU of female. Additionally, compared with the 1st year, 193 

the percentages of hyperglycemia in the 8th year increased significantly in the 61-70 and ≥71 year 194 

groups for the male and in the 41-50 and 61-70 year groups for the female, respectively (all p < 0.05). 195 

On the whole, the percentages of hyperglycemia in the 8th year showed significant increase compared 196 

with the 1st year of the follow-up group and 2019 of the control group (all p < 0.05), which was present 197 

in both genders.  198 

Among the total 5043 participants, 2285 (45.31%) had been diagnosed as hyperlipidemia from 2012 199 

to 2019. Of them, 1107(1107/2285, 48.45%) had been hyperlipidemia 1 or 2 times and 1168 200 

(1168/2285, 51.12%) had a bad hyperlipidemia control (over 3 times). Additionally, of the 5043 201 

participants, 752 (14.91%) had been diagnosed as hyperglycemia. Of them, 318 (318/752, 42.29%) had 202 

been hyperglycemia 1 or 2 times and 434 (434/752, 57.71%) had a bad hyperglycemia control. 203 

 204 

Discussion    205 

Regular physical examination is recommended in China to protection and treatment of CVD and DM, 206 

but its effectiveness in the control of hyperlipidemia and hyperglycemia has not been proved. So, we 207 

firstly investigated the changing pattern of serum lipids and glucose in the general population with 208 

aging. Since the concentrations of serum lipids and glucose in some groups didn’t distribute normally, 209 



all the results were expressed as the median (interquartile range). It was found that serum TG of male 210 

exhibited the pattern of first increase, then decrease. serum TG of female showed an obvious increase 211 

with aging, similar to the report of Gan [12]. The change pattern of serum LDL-C was in accordance 212 

with serum TC in both genders, which peaked in 51-60y group and decreased after menopausal period. 213 

Serum HDL-C followed the pattern of first decrease and then increase with aging. Serum glucose in 214 

both genders demonstrated an age-dependent increasing pattern, consistent with the previous reports 215 

[13-14]. Our research further confirmed that the highest increase of serum lipids and glucose in women 216 

took place during the menopausal period. Therefore, annual health examination was also recommended 217 

for the female after menopausal period to prevent and treat the CVD and DM. 218 

We evaluated the effectiveness of annual health examination to hyperlipidemia and hyperglycemia 219 

control through 3 approaches. After 8 years’ consecutive health examination, the levels of serum lipids 220 

and glucose in the follow-up group was not lower than those of the control group in 2019. Additionally, 221 

our results showed that serum TG and TC of the 8th year increased significantly compared with the 1st 222 

year of the follow-up group, which was consistent with the report of Gan [12]. However, we 223 

demonstrated that there was no significant difference of serum GLU between the 8th and the 1th year 224 

of the follow-up group, which was unlike with the result of Gan. In our study, serum GLU in the 1th 225 

year of the follow-up group were similar to those of the control groups in all the age groups, but serum 226 

GLU in the 1th year of the follow-up group were much lower than those in 2016 of the control groups 227 

in Gan [12].  228 

All these results suggested that annual health examination didn’t reduce the levels of serum TG, TC 229 

and GLU and prevent the development of CVD and DM. Moreover, the percentages of hyperlipidemia 230 

and hyperglycemia in the 8th year showed significant increase compared with the 1st year of the 231 

follow-up group and 2019 of the control group (all p < 0.05). Therefore, these results indicated that 232 

after 8 years’ consecutive health examination, annual health examination didn’t perform a positive 233 

effect in the prevention of hyperlipidemia and hyperglycemia. 234 

With the development of economy, the prevalence of adult obesity and central obesity increased 235 

annually from 1997 to 2011 [15]. Then, the prevalence of dyslipidemia and diabetes have increased 236 

remarkably in China recently. In recent years, lines of evidence from epidemiological investigations, 237 

clinical and experimental research emerged showing that lifestyle management such as diet and 238 

exercise promoted the improvement of hyperlipidemia and hyperglycemia [16-18]. Kelly RB. reported 239 



that regular aerobic exercise had beneficial effects on lipid levels, particularly if performed for at least 240 

120 minutes per week in 2010 [19]. Li G et al. reported that a 6-year lifestyle intervention programme 241 

for Chinese people with impaired glucose tolerance could reduce incidence of cardiovascular and all-242 

cause mortality and diabetes [20]. These findings further confirmed that the long-term of lifestyle 243 

intervention induced clinical benefits for patients with impaired glucose tolerance and lifestyle 244 

interventions should be as public health measures to control the consequences of diabetes. Therefore, 245 

American Diabetes Association established Lifestyle Management: Standards of Medical Care in 246 

Diabetes-2019 in 2019 [21].  247 

It is widely known that the purpose of annual health examination is to find and treat the diseases as 248 

early as possible. Early or mild hyperlipidemia and hyperglycemia will not lead to any discomfort to 249 

the body. Once one patient is diagnosed as hyperlipidemia or hyperglycemia, diet control and lifestyle 250 

improvement have been the basic measures for the treatment of dyslipidemia and diabetes. However, 251 

for a health examination participant, compliance of diet control and lifestyle management was usually 252 

poor, which has become a common problem at present. Our results also indicated that more than half 253 

participants diagnosed as hyperlipidemia and hyperglycemia had a bad control. Consistent with our 254 

results, Lau et al. found that a general population to participate in a repeated screening and lifestyle 255 

counselling programme over five years did not result in lower incidence of diabetes after 10years of 256 

follow-up [22]. So, it is necessary to perform a population-based education on health eating and 257 

physical activity. Health management should be paid more attention to prevent cardiovascular disease 258 

and diabetes. 259 

Conclusions 260 

In conclusion, our data showed that annual health examination didn’t show a positive effect in the 261 

prevention of hyperlipidemia and hyperglycemia. Health management should be paid more attention to 262 

prevent cardiovascular disease and diabetes. 263 
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